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ABSTRACT
The location an astronomical observatory is a key factor that affects its scientific
productivity. The best astronomical sites are generally those found at high-altitudes.
Several such sites in southern China and the Tibetan plateau are presently under
development for astronomy. One of these is Ali, which at over 5000 m is one of the
highest astronomical sites in the world. In order to further investigate the astronomical
potential of Ali, we have installed a lunar scintillometer, for the primary purpose of
profiling atmospheric turbulence. This paper describes the instrument and technique,
and reports results from the first year of observations. We find that ground layer
turbulence at Ali is remarkably weak and thin. It contributes 0.31 arcsec to the median
seeing above 11 m height and just 0.19 arcsec above 50 m. At the same time, initial
data obtained using a crescent moon indicate that turbulence in the free atmosphere
is comparatively large, contributing a median of 0.57 arcsec to the seeing. This may be
due to high-altitude turbulence induced by air flow over the crest of the Himalayas. We
suggest that a modified form of ground-layer adaptive optics, in which high-altitude
turbulence is compensated rather than the ground layer, could be an effective strategy
for high-resolution wide-field astronomy from this site.
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1 INTRODUCTION
China is engaged in the development of several high sites
in mountainous regions of southern and western China and
the autonomous region of Tibet. An extensive campaign
of site testing, employing weather instruments, sky cam-
eras, differential-image-motion monitors (DIMM), acoustic
(SNODAR), and precipitable water vapour (PWV) moni-
tors, has been conducted at three of these sites (Chen et al.
2018; Feng et al. 2019).
The highest of these sites is in the Ali region of Tibet,
a desert plateau that has many peaks that rise more than
6000 m above sea level. It is known to have long periods of
good weather, and little snow. The Ali sites are accessible
by a paved road which connects to highway 219, the main
route that links the nearby town of Shiquanhe to one of
? E-mail: hickson@physics.ubc.ca
the highest airports in the world, and then follows the spine
of the Himalayas to Lhasa. The airport has commercial jet
service to Lhasa, with several flights each day.
The sites at Ali range in altitude from 5100 m (Site
A1) to 5400 m (Site C). The relatively warm temperatures
at these sites can result in density altitudes that exceed 6000
m. As the index of refraction fluctuation δn is proportional
to air density, and seeing is proportional to δn6/5, one might
expect a reduction in ground-layer seeing on the order of
20% compared to a typical ∼ 4000-m site.
Fig. 1 provides a view of the Ali A1 site and surrounding
area. The prevailing wind is from the south-south-west. In
this direction, the ground falls away steeply, to the floor of
a broad valley nearly 1 km below the site. On the far side
of the valley is a range of mountains having peaks that rise
as high as 6 km above sea level. These peaks can be seen in
Fig. 2 and are approximately 20 km away.
In order to better assess the potential of the Ali sites
for astronomy, we have begun a program to probe night-time
© 2018 The Authors
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Figure 1. View of the Ali ridge, as seen looking west from from
site C. Site A1 is the peak, with buildings, that can be seen at
the top of the paved road on the left side of the image.
atmospheric turbulence above them. To this end, a 6-element
automated lunar scintillometer was installed at Ali Site A1
(80.02595◦ E, +32.32635◦ N). Although this is the lowest of
the Ali sites, it has considerable infrastructure, including a
paved road, power and internet, making it the most suitable
location for our initial campaign.
This paper presents results from the first year of our
campaign. We first describe the instrument and its char-
acteristics, then discuss the observations. The results pre-
sented include statistics of ground-layer (GL) seeing, free-
atmosphere (FA) seeing and clear sky fraction. We show
that the ground-layer turbulence is remarkably weak. The
free atmosphere appears to be dominated by a high-altitude
turbulent layer that is generally the most important contri-
bution to the seeing at this site. We conclude with a compar-
ison of our results with other observations, and a discussion
of the implications for optical astronomy from Ali.
2 INSTRUMENT DESCRIPTION AND
PERFORMANCE
The scintillometer that we installed at Ali is the Arctic Tur-
bulence Profiler (ATP). This instrument was originally de-
signed for observations in the high arctic, and was operated
at the Polar Environmental Arctic Research Laboratory on
Ellesmere Island for a period of two years (Hickson et al.
2013). It was refurbished in 2017 and redeployed to Tibet
in 2018. In this section we summarize the characteristics of
this instrument and discuss its performance. Further details
can be found in Hickson et al. (2010). Figure 2 shows the
ATP installed at Ali in May, 2018.
2.1 Optics
The ATP employs 48 photodiode sensors, arranged in six
rings. Each sensor has a field of view that is approximately
36◦ ×24◦. The 8 sensors in each ring are read sequentially as
the Moon moves across the sky. In this manner, the Moon
can be tracked without any physical motion of the instru-
ment. A conductive film allows each window to be heated,
if necessary, to remove frost or ice. To allow use of the ATP
at the 30◦ latitude of Ali, a stand was made to hold the in-
strument so that its axis is aligned with the north celestial
pole.
Figure 2. ATP lunar scintillometer installed at Ali Site A1, and
some members of our team.
Figure 3. Typical dark-sky power spectral density for an ATP
sensor.
Because the ATP was designed for use in the arctic,
its windows are angled northwards. The reason for this is
that the Moon is only observed when sufficiently high above
the horizon, which, in the Arctic, only happens when its
declination is positive. As a result of this design, the Moon
can only be observed at declinations δ > 16.0◦, even at Ali.
Nevertheless, this does allow the Moon to be observed for
about one week each month. The design can be changed in
a future instrument, to allow the Moon to be observed at all
declinations.
The sensors are large-area photodiodes, Hamamatsu
model S1336-8BK. They have a 5.8 × 5.8 mm active area
and a typical peak quantum efficiency of 65 per cent. An
optical filter that passes wavelengths greater than 665 nm,
is installed in front of the sensor in order to block auroral
and other night-sky emission lines.
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2.2 Electronics
Each photodiode sensor is operated in photovoltaic mode,
and amplified by a low-noise FET preamplifier having a gain
of 200 mV/nA. A multiplexer passes this DC signal from the
selected sensor in each ring to a 6-channel 16-bit analogue-
to-digital converter (ADC), which digitizes them at a rate of
800 samples per second. At the same time, the fluctuating
(AC) component of the signal is separated by a band-pass
filter and further amplified. The AC passband is shaped by a
5-pole Bessel filter that has 3-db points at 0.5 mHz and 122
Hz. The AC signals can also be selected by the multiplexer
and sent to the ADC. In normal operation, 10 seconds of
DC data are recorded, followed by 110 seconds of AC data.
This is repeated until the Moon is no longer accessible.
The instrument is controlled by a single-board com-
puter (Technologic Systems TS-7260), running TS-Linux, a
compact version of Linux operating system. An application
written in the python-3 programming language controls the
operation of the multiplexers and records the digitized data.
2.3 Noise characteristics and sensitivity
At a good astronomical site, typical irradiance fluctuations
for the full moon are at a level of ∼ 0.5 × 10−3, correspond-
ing to a scintillation index of ∼ 10−7. In order to obtain a
good turbulence profile, it is generally necessary to measure
covariances that can be smaller than 10−8. This requires a
signal-to-noise ratio on the order of 105, so careful attention
to sources of noise is needed.
In photovoltaic operation, the dominant detector noise
source is the Johnson noise associated with the photodi-
ode shunt resistance. This resistance is typically 400 MΩ
for the S1336-8BK diode. At a typical ambient night-time
temperature of ∼ −5◦ C at Ali (Feng et al. 2019), the result-
ing current noise is expected to be about 4 fA/Hz1/2. The
measured noise power spectral density for an ATP sensor is
shown in Fig. 3. We see a white-noise floor of approximately
2.5 fA/Hz1/2. The roll off at high frequencies is due to the
band-pass filter in the AC amplifier. At frequencies below
one Hz, we see a rise due to 1/ f noise.
The corresponding noise equivalent power (NEP), for
incident 850 nm radiation, is ∼ 60 fW. The typical flux at
the top of the atmosphere from the full moon at 850 nm
is 1.87 µW m−2 nm−1 (Cramer et al. 2013). Assuming an
average extinction of 0.10, The resulting detected power for
an ATP sensor is ∼ 11 nW. This corresponds to roughly
6 × 107 photons in 1.25 ms, so the photon noise component
is ∼ 7.6 × 103 photons ' 1.4 pW. which is about twenty
times greater than the sensor noise. In fact, it is feasible,
and desirable, to observe the crescent moon, at elongations
as small as ∼ 45◦. For this phase, the lunar flux is about
60 times smaller than for the full moon, but the photon
noise still dominates. Averaging over two minutes (96,000
samples), gives a signal-to-noise ratio of approximately 2.4×
106 for the full moon and 3.1 × 105 for the crescent phase.
3 DATA ANALYSIS
The theory of the lunar scintillometer has been discussed
in several papers ((Hickson & Lanzetta 2004; Hickson et al.
2009; Rajagopal et al. 2008; Tokovinin et al. 2010). Here
we provide just a brief summary, as necessary to introduce
our method of data analysis. The measured data are the
covariances CI (r i) of dimensionless irradiance fluctuations
δI (t) = I(t)/〈I〉 − 1 between sensors separated by a vector r i
in the plane that is perpendicular to the line of sight to the
Moon (the angular brackets represent an ensemble average).
These are related to the C2n profile by the integral equation
CI (r i) =
∫ ∞
0
C2n(z cos ζ)W(r i, z)dz, (1)
where W(r i, z) are response functions giving the covariance
on baseline r i produced by a thin turbulent layer at distance
z from the instrument. Here ζ denotes the zenith angle of
the Moon.
The weight functions can be written as an integral over
spatial frequency κ, weighted by filter functions FL , Fk , FΩ
and FD . Respectively, these account for the modification
of the frequency spectrum by the effects of diffraction, the
outer scale of turbulence, and convolution with the finite an-
gular size of the Moon and the finite size of the detectors.
Thus,
W(r i, z) = Γ(8/3) sin(pi/3)z
2
2pi
∫
d2κ κ1/3 exp(iκ · r i)
× FL(κ)Fk (κ, z)FΩ(κ)FD(κ), (2)
and the individual filter functions are
FL(κ) = [1 + (2pi/κL0)2]−11/6, (3)
Fk (κ, z) = sinc2(zκ2/2pik), (4)
FΩ(κ) =
∫ d2x I(x) exp(−iκ · x)2 , (5)
FD(κ) =
∫ d2x R(x) exp(−iκ · x)2 . (6)
Here L0 is the outer scale, k = 2pi/λ is the optical wave num-
ber, λ is the effective wavelength of the detector bandpass,
I(x) is the lunar intensity, normalized to have unit integral
and R(x) is the detector response function, also normalized
to have unit integral.
The lunar photometric model that we employ is based
on the Lommel-Seeliger scattering model (von Seeliger
1884), which is widely used in planetary science. In this
model, the scattered intensity is given by
I(µ, µ0, α) = 2I0 f (α)µ0
µ + µ0
, (7)
where µ0 is the cosine of the angle of incidence (with respect
to the normal to the scattering surface), µ is the cosine of
the angle of reflection, I0 is the incident intensity and α is
the angle between the incident and scattered rays and f (α)
is the scattering phase function, normalized to unity at zero
scattering angle, f (0) = 1.
For sunlight scattering off the lunar surface toward the
Earth, one finds that the intensity depends only on the lon-
gitude φ of the point on the lunar surface, measured from the
direction to the Earth, and on the solar phase angle α (the
angle between the Sun and Earth as seen from the Moon),
I(φ, α) = 2I0 f (α)
1 + cos φ/cos(φ − α) . (8)
The response functions for the ATP, for zero baseline
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Figure 4. Response functions for signal variance. Individual
curves correspond to different values of the solar phase angle (0◦
corresponds to full moon, 150◦ to a thin crescent). The scintilla-
tion increases greatly for thin crescent phases, and the range of
sensitivity increases by more than an order of magnitude com-
pared to the full moon.
(i.e. the variance of δI ) and different lunar phases, are shown
in Fig. 4. The curves show the variance produced by a thin
layer, having unit turbulence integral J = 1, located at a line-
of-sight distance z from the instrument. Typically, J ∼ 10−13
m1/3 for the free atmosphere and ground layers (Tokovinin &
Travouillon 2006), so the variance is on the order of 10−7. We
see that for the full moon, useful response extends to roughly
one km in range. However, for the thin crescent phase, the
useful range is considerably larger, extending beyond 10 km.
Although the flux from the crescent moon is lower, that is
more than compensated by the larger intensity fluctuations
that result from the smaller angular size.
The ability of the scintillometer to localize turbulence
can best be seen by considering the ratios of the covariances,
for the various baselines, to the variance. This is shown in
Figs. 5 and 6. Here it can be seen that the ratios, which
are independent of the turbulence strength, are functions of
distance to the turbulence. We see that this sensitivity to
distance extends to roughly 1 km for the full moon and to
more than 10 km for thin crescent phases.
4 OBSERVATIONS & RESULTS
The ATP began operation at the Ali site on May 20, 2018.
It has operated continuously since then, with occasional in-
terruptions due to power outages at the site. A log of the
observations obtained until June 2019 is shown in Table 1.
Column (1) gives the date of the observations, column (2)
lists the number of records that were obtained on that night.
Each record corresponds to a 2-minute block of data, which
is sufficient for a turbulence measurement. Column (3) is the
number of records remaining after those obviously affected
by cloud are removed. The clear/total ratio is reported in
column (4). Column (5) gives the median lunar phase angle,
Figure 5. Normalized response functions for the full Moon. The
different curves correspond to the baselines of the ATP instru-
ment, increasing from top to bottom.
Figure 6. Normalized response functions for a thin crescent
Moon (solar phase angle of 150◦). The different curves correspond
to the baselines of the ATP instrument, increasing from top to
bottom.
for the clear records only, and column (6) reports the me-
dian fraction of the lunar disk that is illuminated by the Sun.
Columns (7) – (10) give the wind speed and direction at the
500-hPa and 200-hPa pressure levels over the site at 18:00
UTC (close to midnight local time), according to the ERA5
climate dataset (ERA5 2017). Column (11) presents the GL
seeing, computed from the turbulence integral between 11
m and 3000 m height above the site. For nights in which the
Moon is in a crescent phase, Columns (12) and (13) give the
derived FA and total seeing, respectively. For the purpose
of this paper, FA seeing is defined to be the contribution of
the atmosphere higher than 3000 m above the site.
The ATP instrument is programmed to record data
MNRAS 000, 1–7 (2018)
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Table 1. Log of observations
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
Date Total Clear Clear Phase Illum. 500-hPa wind1 200-hPa wind1 GL FA Total
(UTC) records records fraction angle fraction speed dir. speed dir. seeing2 seeing3 seeing4
(%) (◦) (m/s) (◦) (m/s) (◦) (arcsec) (arcsec) (arcsec)
2018-05-20 56 51 91.1 109.72 0.33 5.7 219 32.9 239 0.424 0.652 0.828
2018-09-29 187 186 99.5 57.21 0.77 3.8 194 27.8 248 0.302
2018-09-30 165 105 63.6 70.61 0.67 4.2 237 40.2 242 0.489
2018-10-01 137 76 55.5 82.58 0.56 2.3 223 32.2 256 0.260
2018-10-02 110 56 50.9 96.32 0.44 1.5 215 25.8 253 0.231 0.547 0.622
2018-10-03 80 33 41.3 110.06 0.33 1.9 241 32.5 250 0.277 0.526 0.628
2018-10-04 48 40 83.3 123.53 0.22 2.5 237 34.3 256 0.507 0.741 0.957
2018-10-26 87 87 100.0 28.04 0.94 2.5 299 18.4 264 0.251
2018-10-27 234 224 95.7 39.65 0.88 4.8 34 5.3 309 0.264
2018-10-28 210 197 93.8 52.87 0.80 4.4 41 14.9 0 0.251
2018-10-29 182 115 63.2 66.65 0.70 3.0 137 13.1 293 0.302
2018-11-23 310 290 93.5 7.08 1.00 4.7 253 46.0 293 0.277
2018-11-24 282 213 75.5 21.11 0.97 5.7 240 32.8 285 0.442
2018-11-25 257 257 100.0 34.42 0.91 6.8 251 44.5 284 0.317
2018-11-26 229 130 56.8 47.18 0.84 5.4 224 33.4 295 0.371
2018-11-28 38 38 100.0 74.15 0.64 11.4 219 41.3 262 0.462
2018-12-23 302 189 62.6 15.71 0.98 15.1 216 81.2 261 0.465
2018-12-24 271 262 96.7 28.92 0.94 10.3 212 63.6 264 0.266
2018-12-25 238 229 96.2 43.01 0.87 6.8 218 66.6 264 0.398
2019-01-17 222 114 51.4 47.09 0.84 5.4 253 31.1 300 0.297
2019-01-18 257 60 23.3 34.95 0.91 5.7 238 35.0 297 0.401
2019-01-19 289 35 12.1 19.20 0.97 4.5 232 54.3 282 0.285
2019-04-09 30 26 86.7 129.93 0.18 3.5 240 17.5 314 0.445 0.616 0.811
2019-05-08 14 9 64.3 134.45 0.15 4.0 270 41.4 263 0.372 0.469 0.640
2019-06-07 22 22 100.0 124.63 0.22 4.0 270 45.1 249 0.381 0.635 0.786
2019-06-08 9 2 22.2 111.37 0.32 4.3 266 32.1 249 0.121 0.266 0.307
Average5,6 60.0 5.3 218 34.0 249 0.341 0.649 0.825
1. Generated using Copernicus Climate Change Service Information [2019].
2. Median seeing for 11-m height above ground, from the atmosphere below 3000 m height above ground.
3. Median seeing contribution from the atmosphere above 3000 m height above ground.
4. Median seeing for 11-m height above ground, from the entire atmosphere.
5. Average clear fraction is the ratio of the total number of clear records to the total number of records.
6. Values for seeing are the median values of all records (crescent phase only for FA and total seeing).
whenever the Moon’s declination exceeds +16◦, its altitude
above the horizon exceeds 20◦, and the Sun is at least 15◦
below the horizon. The instrument has no way of knowing if
clouds are present, so the data must be vetted for this dur-
ing the analysis. Clouds generally result in large fluctuations
in the lunar flux, that can readily be identified by plotting
the flux as a function of time. Thin clouds can be identified
from large values of the covariance, typically greater than 1
ppm, seen on the longest baselines. The fluxes and covari-
ances for every record were examined and those that had
obvious contamination by clouds were rejected.
As an illustration, Fig. 7 show data obtained on the
night of December 24, 2018. This night was nearly com-
pletely photometric, and close to full moon. More than 9
hours of data were obtained. The figure shows the result
of integrating the reconstructed C2nprofile upwards from the
specified height above ground, to a height of 3 km, in order
to predict the seeing contributed by this air column for a
telescope located at the specified height. During the night,
the GL seeing above 11 m slowly varied from less than 0.2
arcsec at the start of the night to about 0.35 arcsec at the
end.
Fig. 8 shows the distribution function for total ground-
layer seeing up to a height of 3 km above the site (8.1 km
above sea level). The curve shows a log-normal distribution,
having a mean value of 0.382 arcsec and a standard deviation
of 0.293, that is the best least-squares fit to the histogram.
5 DISCUSSION
The results presented here indicate that Ali site A1 has
remarkably-weak GL turbulence. In median atmospheric
conditions, the seeing contributed by turbulence between 11
and 3000 m height is just 0.309 arcsec. For a telescope hav-
ing a primary mirror vertex, or dome opening, located at a
height of 30 m above ground, the GL seeing is less than 0.25
arcsec 50 per cent of the time, and less than 0.19 arcsec 10
per cent of the time. For a height of 50 m, the corresponding
values are 0.16 and 0.12 arcsec, respectively. For comparison,
Chun et al. (2009) report a median GL seeing of 0.51 arcsec
for the summit of Mauna Kea, in the height range 0 − 650
MNRAS 000, 1–7 (2018)
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Figure 7. GL seeing inferred from the data of the night of De-
cember 24, 2018. The curves show the seeing FWHM for a tele-
scope located at several heights above ground. This is for zenith
observations at a wavelength of 500 nm, and does not include
turbulence higher than 3000 m above the site.
Figure 8. Statistics of GL and FA seeing from all data. The dark
histogram shows the contribution of the atmosphere between a
height of 11 and 3000 m above the site. The lighter histogram
shows the contribution of turbulence above a height of 3000 m.
The curves show the best-fitting log-normal distributions.
m above the roof of the Coude´ room of the University of
Hawaii 2.2-m telescope.
The 500 hPa winds shown in Table 1 are representative
of the winds at the Ali site. The wind speed varies from less
than 2 to more than 15 m s−1. However, we find no significant
correlation between the wind speed or direction and the GL
seeing. It would seem that the air flow is largely laminar as
it passes over the site. This was also our impression when
standing in the wind. We found a steady flow, with little
buffeting.
Crescent-phase observations indicate that high-level
turbulence may be stronger than expected for a site at this
latitude. The median value that we obtain for the seeing con-
tributed by turbulence above 8100 m altitude is 0.58 arcsec.
However that is based on only eight hours of data spread
over eight nights. This can be compared with a median FA
seeing of 0.42 arcsec for Mauna Kea (Chun et al. 2009).
A strong layer of high-altitude turbulence might ex-
plain the relatively-high values of seeing found by Feng et al.
(2019) from DIMM measurements. Unfortunately, no simul-
taneous DIMM and ATP measurements exist, so a direct
comparison is not possible.
The closest high peaks of the Himalayas are located
approximately 100 km to the south-west of Ali. These might
induce strong high-altitude turbulence that does not fully
dissipate by the time that it reaches Ali. The upper level
(200 hPa) winds, shown in Table 1, generally come from this
direction. If the high-level turbulence is increased by these
mountains, one might expect to see a correlation between
the 200 hPa wind speed and direction and the FA seeing
at Ali. At this time, there are insufficient data to draw any
conclusions. We hope that with further ATP observations,
we may be able to test this hypothesis.
If the FA turbulence is indeed stronger than that of
the GL, that would reduce the performance of conventional
ground-layer adaptive optics (GLAO), which aims to im-
prove image quality over a wide field of view by compensat-
ing the GL turbulence alone using a single deformable mirror
(DM) conjugated near ground level (Rigaut 2002). However,
one could reverse this idea and instead conjugate the DM
to the high-altitude turbulence and compensate that alone.
One should then achieve an image quality, for wide-field ob-
servations, that is comparable to that of the GL seeing alone.
For a telescope having a primary mirror 30 m above ground,
it should be possible to achieve image quality on the order
of 0.23 arcsec in median atmospheric conditions. An investi-
gation of the potential of this idea is beyond the scope of the
current paper, but we believe that it is worth further study.
Our observations also provide an independent confir-
mation of the sky quality at the Ali sites. The ATP records
data whether the sky is clear or not, so the fraction of time
that the sky is clear is easy to determine. As can be seen in
Table 1, for 60 percent of the time the sky was photomet-
ric. During this time, short-term transparency fluctuations
were typically less than 0.2 per cent. This is consistent with
results from long-term sky-camera observations reported by
Feng et al. (2019). It shows the high-quality of this site,
particularly for photometric observations.
6 CONCLUSIONS
In summary, we have installed and are operating a lunar
scintillometer at one of the world’s highest-altitude sites.
The ATP instrument has proven to be well-suited for remote
operations in harsh environments. The first year’s observa-
tions, reveal a weak surface layer having half of its turbulence
below a height of approximately 30 m. A relatively-strong
layer of high-altitude turbulence is seen, which dominates
the total seeing at the site. For the median total seeing,
measured during a lunar crescent phase, we find preliminary
values of 0.79 arcsec for an 11-m height and 0.66 arcsec for a
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Table 2. Seeing percentiles
Height 10% 25% 50% 75% 90%
(m) (arcsec)
Ground-layer seeing (all data)
11.0 0.227 0.259 0.309 0.413 0.542
20.0 0.200 0.227 0.265 0.351 0.463
30.0 0.181 0.201 0.232 0.297 0.385
50.0 0.153 0.171 0.193 0.236 0.290
100.0 0.122 0.138 0.153 0.179 0.205
200.0 0.133 0.129 0.142 0.164 0.187
FA seeing (crescent phase only)
3000 0.415 0.491 0.576 0.718 0.923
Total seeing (crescent phase only)
11.0 0.498 0.605 0.793 0.898 1.218
20.0 0.480 0.576 0.710 0.857 1.187
30.0 0.471 0.554 0.657 0.826 1.151
50.0 0.451 0.532 0.627 0.775 1.085
100.0 0.443 0.518 0.609 0.754 1.044
200.0 0.440 0.513 0.601 0.746 1.023
30-m height. These values are lower than seeing found from
earlier DIMM measurements.
The weak GL seeing that we find suggests that a mod-
ified form of GLAO, in which the high-level turbulence is
compensated, instead of the GL, might be an effective way
to achieve excellent image quality over a wide-field of view
at Ali.
Our observing program is continuing, which should lead
to improved statistics for Site A1. We anticipate that even
lower GL seeing may be found for higher sites, such as Site
C (5400 m), and plan to move the ATP instrument to that
site when the necessary infrastructure is in place.
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